Use of thiols as protecting ligands in reflective surface films of silver nanoparticles.
We report the preparation of metal liquid-like films (MELLFs) of silver nanoparticles stabilized by thiolate surface ligands. These surface films, composed of particles with diameters of about 100 nm, are highly reflective and can be employed in the fabrication of liquid mirrors. A number of different thiols are considered as stabilizing ligands, including alkanethiols, aromatic thiols and dithiols. Under identical preparation conditions, some lead to the spontaneous formation of reflective surface films, whereas others do not. Shorter chain alkanethiols (C2 to C8), thiophene and thiophenol are found to be effective whereas longer chain alkanethiols (C10 and C12) and short dithiols (C2 and C3) do not produce reflective films. Ethanethiol and propanethiol protected particles form surface films with reflectivities in the near-IR that surpass those of a previous generation of MELLFs prepared with 1,10-dimethylphenanthroline as the ligand. This enhanced reflectivity is attributed to a more closely packed nanoparticle film with a higher metal volume fraction. The closer proximity of the particles, however, leads to enhanced coupling of their surface plasmon resonance and increased absorption in the visible region of the spectrum. Short chain dithiols do not produce MELLFs but rather provoke particle aggregation. In the case of 1,2-ethanedithiol, the particles are found to precipitate in a continuous organic matrix, presumably caused by oxidative polymerization of the dithiol to a polydisulfide. Finally, preliminary investigations indicate that a large variety of organic solvants can be employed in the preparation of thiol protected MELLFs.